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Abstract 
The technological requirements of Hypid Gas Insulated Switchgear (HGIS) installation in transformer substation is 
high and the control points of quality is excessive. Most of the engineers and technicians in the construction 
enterprises are not familiar with equipments of HGIS. In order to solve these problem, equipments of HGIS is 
modeled on the computer by SolidWorks software. Installation process of civil foundation and closed-type 
equipments is optimized dynamically with virtual assemble technology. Announcements and application work are 
composited into animation file. Skills of modeling and simulation is tidied classify as well. The result of the visual 
dynamic simulation can instruct the actual construction process of HGIS to a certain degree and can promote 
reasonable construction planning and management. It can also improve the method and quality of staff training for 
electric power construction enterprises. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name 
organizer] 
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I. Introduction 
In recent years, capacity of electricity generating in china increases rapidly. However, the construction of 
power grid is slow relatively. Statistics indicates that construction fastigium of smart grids is from 2009 to 
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2020. The whole investment scale of Smart Grids is close to ̞4000 billion predictly up to 2020. As the 
basis of smart grids, the intelligentize and digitalize construction fastigium of transformer substation is 
from 2010 to 2015[1]. High voltage power distribution unit is an important part of transformer substation. 
The safe construction and steady operation of high voltage distribution unit is the basic requirement of 
smart grids. 
With the development of technology, high voltage power distribution units upgrade as well. In the 
construction, combined electrical apparatus, especially Hypid Gas Insulated Switchgear (HGIS), takes 
place of Air Insulated switchgear (AIS) gradually. The technological requirements of HGIS field 
installation process are strict and control points of quality are excessive. Most of the engineers and 
technicians in the construction enterprises are not familiar with the structure, installation process and 
technology of HGIS, which causes that the normal construction quality can not be ensured. Therefore, 
dynamic simulation of installation process of HGIS has certain practical significance for guiding the site 
operation of transformer substation project.  
2. Equipments Introduction and Technique Characteristics of HGIS  
Equipments Introduction 
HGIS is a type high voltage power distribution unit which has the advantages of both Gas Insulated 
Switchgear (GIS) and AIS[2]. The major components, including circuit breaker (CB), disconnecting switch 
(DS) and current transformer (CT), are built in the metal shell split-phasely. They are connected with 
open-type generatrix, voltage transformer and lightning arrester by outlet cannula. This form is mixed-type 
voltage distribution unit. The outline of HGIS with three circuit breaker is shown as Fig.1. 
Figure 1. HGIS Equipment of Three Circuit Breaker 
Technique Characteristics 
The same as GIS, HGIS has some advantages. The floor space is small. The ability of environment 
adaptation is strong. Operational reliability is high. The maintenance is easy and the installation is 
convenient. The main technological and economic indicators is high. Because every interval is independent, 
HGIS can adapt to open-type generatrix which is easy to expand and service. Besides, the GIS generatrix is 
changed to open-type generatrix when GIS is replaced with HGIS and open-type generatrix is more 
inexpensive. Therefore, the usage of HGIS in smart grid is an irresistible trend.  
3. Introduction of Solidworks  
SolidWorks is 3D Mechanical Computer Aided Design (MCAD) software developed by SolidWorks 
Corporation of United States. It is a kind of widely used commercial software of engineering modeling and 
computer aided design[3,4]. It is based on parametric definition of component and features and can be used 
in a very intuitive way[5]. Unlike other 3-D modeling tools, SolidWorks is not fully three-dimensional, that 
is, one draws in a plane and then extrudes solids from the plane which is used to obtain position in 
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three-dimensional space. SolidWorks has a very innovative feature that lets you design parts rather easily, 
sharing the same basic geometry but with some differences. It supports IGES, DXF, STEP, DWG, ASC 
and other data standards, and can easily integrate almost all the mechanical CAD software into the 
designing environment. At present, SolidWorks has become the main 3D design software of PC platform. 
Compared with traditional CAD[6], SolidWork can modify and augment the physical parts in the assembly 
environment, where intelligent assembly function automatically adjusts parts to the appropriate size and 
location after one part is modified. So the efficiency of the design can be improved obviously. Most of all, 
SolidWorks is more powerful than the other commercial softwares when designing large scale assemblies 
involving more than ten thousands elements. Furthermore, SolidWorks has a lot of other tools which make 
the life of the design engineer very easy, including, but not limited to, animation workbench, etc. Therefore, 
visual dynamic simulation can be performed easily with SolidWorks[7].
Considering the advantages of SolidWorks and the characteristics of transformer substation 
construction program, SolidWorks is chosen to model the transformer substation parts. As one of its tools, 
animator, the plug-in board of SolidWorks, is used to simulate their installation process dynamically. 
4. Modeling of Parts 
The equipments of HGIS could be separated into two parts. One part is the closed-type circuit breaker, 
disconnecting switch, earthing switch, current transformer and inside generatrix. The other part is the 
open-type cannula, voltage transformer, lightning arrester and outside generatrix. Because open-type 
equipments have been used for many years, the constructor accumulated abundant experience of site 
operation. However, the constructors are not familiar with closed-type equipments. Therefore, in this paper, 
the installation process and technology of closed-type equipment is simulated dynamically on the computer. 
The simulation objects involve all of the equipments. The smallest modeling object is the equipments that 
do not need to disassemble further on the construction site. 
Modeling of Civil Foundation 
The foundation of a group of 500 kv HGIS is 28 m length, 19 m width, 2.5 m depth[7]. All the 
independent plinth is connected by ribbed beams and form an over-all structure. There are 18 independent 
stumps in every civil foundation. Every stump comes up out of the ground 10 cm and a group of pre-cast 
iron is installed onto the upper surface of every stumps. Relative error of all the pre-cast iron level is not 
over 2 mm, which is a very high accuracy requirement for cast-in-place concrete. Difficult and key points 
in the construction have three aspects[8]. First of all, the volume of pouring is big and structure crack caused 
by heat of hydration need to be controlled. Secondly, the axis location and level of foundation embedded 
parts is hardly controlled. Lastly, the surface of fashioned concrete is surfacing and smooth. Simulation 
result of civil foundation is shown as Fig.2. 
Figure 2. Simulation Results of Civil Foundation 
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Modeling of Equipments 
Circuit breaker is the main control equipment of transformer substation. It is located at the foot of the 
whole HGIS and is linked together with civil foundation directly. According to the principle of installation 
of power construction, that is, from underneath to upside, from inside to outside and from middle to sides, 
Circuit breaker is the first equipment installed. Then, the bilateral and upper inside generatrix, current 
transformer, disconnecting switch, earthing switch and cannula are installed. Before installing the circuit 
breaker, civil foundation should fit requestments of construction. Foundational support should be installed 
before installing others. Basic level and the center should be guaranteed. Simulation result of circuit 
breaker installed is shown as Fig.3. 
Figure 3. Simulation Results of Circuit Breaker Installed 
After installing the circuit breaker, the upper current transformer is installed. At the same time, the 
attention  should be payed to the polarity of current transformer and the connection of the inside 
generatrix. Installation way of inside generatrix is the same as the way of other HGIS equipments. The 
steps of inside generatrix are as follows:      
x Take down the cover plate of generatrix and handspike, clean the flange face, joint of 
conductor, inside of shell, conducting rod and surface of basin insulator.  
x Loosen the spacing bolt. Insert joint into conductor. One side of conductor is hanged by 
calico temporarily. Smear sealant and install O-type circle onto the surface of flange. Move 
the border upon interval to midfeather and positioning by locating pin. Connect the shell of 
generatrix.  
x Remove and adjust the conducting rod by handspike, insert the joint of conductor and fasten 
the ends spacing bolt.  
Simulation result of inside generatrix installed is shown as Fig.4. 
Figure 4. Simulation Results of Inside Generatrix Installed 
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Disconnecting switch, earthing switch and bridging are installed by the same way. Parts that need to be 
assembled on-site is assembled by supplier of equipments. The open-type equipments, including outlet 
casing pipe, are installed by traditional way and technology. The final simulation result of HGIS installed 
is shown as Fig.5. 
Figure 5. Final Simulation Result of HGIS Installed 
Skills of Modeling  
Restricted to the hardware, the PC computer often operates slowly, even causes system halted when 
complex parts are modeled. The main reason is that faces or characteristic numbers involved in the models 
are too many, thus more computer space is occupied. It is difficult to call these models when building the 
assembly with them. In order to decrease the computer space occupied by their model files, the number of 
tube banks should be reduced, and the diameter of the tubes should be increased properly. At the same time, 
the saw teeth phenomena can be avoided, which is an illusive visual sense because of the excessively dense 
tubes. Hence, the application of texture mapping technology is also used to decrease the computer space of 
model files. Outlet cannula modeled by this method is shown in Fig.6.  
Dynamic simulation of HGIS installation process is performed by one tool of SolidWorks, 
ANIMATOR. In order to reflect the construction process more clearlyˈthe animations consist of two 
kinds: the whole one and the detailed one. The whole one mainly reflects the installation procedure and 
installation location of all components, while the detailed one reflects their installation path as well as 
connections pattern of each other further. 
The assembly must be explosed firstly, then click on “COLLAPSE” in the “ANIMATION 
WIZARD”ˈaccording to the pre-set installation path. Solidworks will generate animation automatically in 
reverse order of explosion and control animation by the use of key-frame. Therefore, to prolong a 
simulation time of the installation steps, its key-frame will be extended. After adjusting the key frame 
properly, click “SAVE AS AVI”, then an animation of installation process is completed. 
Conclusion 
In this paper, the installation process of HGIS in transformer substation is simulated. The installation 
process, installation period, spatial position and installation procedure of all the smallest parts that need 
not disassemble on the construction site are taken on the computer by the 3D visual dynamic simulation, 
accompanied with voice and words description simultaneously. The detailed information about 
construction process is supplied to the organizers and workers of the transformer substation construction 
project utmost, which can conduce to reasonable construction organization scheme to improve the 
economics of transformer substation construction departments. The results of the visual dynamic 
simulation provide an intuitive, high-efficiency way to the constructors of transformer substation 
constructing on site and staff training of transformer substation construction departments instead of 
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traditional paper method. As a result, the construction efficiency is improved, and the quality of training is 
promoted greatly. 
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